J2 2 2 0 J , As shown by the curve for the increment of girth, the growth for the first 6 years was slow, then came rapid growth up to 1 5 years, and a still niore rapid growth up to
DEC. 1~9 i . l UOTASICAL SOCIETY OF EDINCURGII
S'i
Again, it may be that the whole esperimcnt was too late in the season, or it may be that the soil was otherwise unsuitable, or it may be that the nitragin liad lost its vitality, or it may be that i t does not possess some or any of the virtues ascribed to it. I hope, during the coming season, to be able to say which of the many hypothesis that may be started are of any importance, for I hope to be able to anticipate every pbssible objection that a believer in the value of nitragin might be expected to raise.
XEASUREJIEST OF TIIE GIRTH OF COSIFEKOUS TREES AT BLIEJIAR IS 1894. By X. TURNBULL, B.Sc., and PERCIVAL C. WBITE. (With Plate.) (Rend 9th December 1S97.) During April 1854 we spent n fortnight at Braemar, and had many opportunities of observing thc destruction caused by the great November g d e of 1893.
Erery wood and forest in the iieighbourhood had suffered, and the foresters had been busy during the winter sawing the blown trees into logs. We determined to measure the radii and annual increment of dinmeter of specimens of Scots pine, Norway spruce, and comnion larch, so as to be able to calculate the annual increment of girth.
Those trees liad all, with one esccption, grown on the slopes of steep hills, and it was found that the side of the tree which was most obscured by the hill or other trees presented the smallest radius, while the longest radius mas turned toivards the greatest light.
Thus we found the greatest radii on the N., E. and S. sides respectively, in trees with an open aspect in those directions. I n none of our specimens did we find the greatest radius to the W., but this may be merely nu accidental occurrence, and one to which a t present we can attach no importance.
It is a law in plantgrowth that leaves and the young ai'rial parts of plants turn towards the light. This plieno- iiieiioii must not-be iiiistakeii for the bending of trees 011 exposed situations by tlic prevailing Finds.
On tlie edges of dense woods and forests, trees have most branches on the side turned to the light; fewest on the side nest the mass of the forest. These conditions hold good for the specimens under consideration, therefore me find the greatest development of branches on the same side as the greatest radial increment.
Xow, since the elaborated sap or digested food of the tree is iiiade in the green leaves, it evidently descends the tree mostly by the bast of tlie side 011 which it is manufactured, aiid thus brings about the radial incremcnt of wood on that side.
Thc breadth of the aiinual rings slioived that most of the trees had reached the limit of most active growth in girth at the ages of 30 to 50 years, but in some cases the growth mas continued long beyond this age, with only n very gradual decrease of vigonr.
Among the broad annual rings in the oldcr parts of the trce much narrower rings were occasionally found ; in tlie same way, broad rings occasionally among the narrower rings of the younger wood. It is almost impossible to determine definitely tlic causes which bring about such variations from year to year. I n the absence of n detailed history of each tree, the question of thinnings must be left out of account, although it is well known that a judicious thinning affects most beneficially those trees that are thus more exposed to the light and heat of the sun.
The trees in question, to all appearance, had grown with plenty of space all round, aiid had not been forced into the pole-stage, according to the principles of nioderii sylviculture.
Again, the frequency of the variations, above referred to, shows that periodic thiiiiiings could not be the sole cause.
Soil and situation were constant factors throughout, except that, as growth in height proceeded, an increasing density of leafy canopy would be the result, but this mould not account for the variation.
Frequent storms might, by removing certain trees, expose the survivors to greater light, but storms of this nature beconie historic, and do not occur often enough to account for the variation.
Other meteorological conditions, however, must be taken into account, since they form some of the factors which determine the growth of all plants ; these are temperature, moisture, ancl sunshine. The relationship of these factors to the annual inerenient of girth will form the subject of a second paper.
The following were our methods of esnniiiiing each tree :-After choosing an evenly-sawn section close to the ground, we found its orientation by iiieans of a pocket compass, then cut tFo sniooth tracks on the surface with a wood chisel so as to get N. and S., and E. and W. diameters, each passing through the pith.
The total lengths of each diaiiieter, and each radius, mere nieasured by us in turn, while the other noted the incasurements on paper ; then the breadth of each annual ring was taken with a steel millinietre measure, and these measurements were checked a t every tenth year.
It must be understood that the measurements mere made of. the mood only, and did not estend beyond the cambium.
When the annual rings of the first few or the last years of n tree were too close for accurate individual measurement, n collective number was measured, Specinien A was thus measured collectively for tlie first G years; U for the first 6 ; D for the last 30 ; A ' , F, and G had every annual ring measured along each of the four radii; H had a fern collective measurements takcii between the ages of 2 5 and 50 years. The sections were iinniediately above tlie ground-level, escept-D, 1 2 feet above ground; J', 32 feet above ground ; and E, 34 feet above ground. It would have been better to have got sections 4 or 5 feet above ground, so as to be away from the buttressed part of the trunks near the roots; but me had no choice, since we had to esamine the sections as we found them. I n calculating tlie girth for any one year, the increments of the four radii of that year are added to the sum of the radii of a11 the preceding years ; the total is divided by 2 DO TXXNSACTIOSS AND P1:OCEEDISGS OF THE [SESS. LXII. to get the average diameter, and the quotieut multiplied by 3; to get the girth for the year.
The continued increase in the four radii, the average diameter and the girth for each year, are represented by curres, where the co-ordinates are years, for the age of the tree, i.e. horizontal eo-ordinate or abscissa ; and millimetres for the girth, i.c, vertical co-ordinate or ordinate.
The actual scale on the diagrams shown is 5 years to one inch liorizontally, and 1 0 0 mm. to one inch vertically.
The curves for the four radii, average diameter, and girth of each tree are represented for periods of 5 years, and where collective measureinents were made an average for each quinquennial period has been struck.
On separate diagrams a life-size section of each tree, calculated from the four radii, and marked with rings every 1 0 years and at the cambium, has been drawn ; and on these sheets, also, has been drawn a section of the ground showing its gradient and the position of the tree.
The following are the details of the specimens esamined :-A. Common larch (Lnrix ewop~ca, DC.) was situated a t the 3. side of the Inverey road, and close to its edge, about, two miles to the west of Braeniar, near the point where the road runs to the S.S.W., so that the S. and JV. sides would receive most light.
Immediately above rvere the lower slopes of Morrone, which rises to a height of 2819 feet, and the tree itself stood about 1 2 0 0 feet above sea-level. The ground sloped gcntly a t first, and then precipitously to the Dee on the N., the river being within n stonethrow of the tree.
Trees grew all round, and the only open ground was towards the road, while froni the slope of the ground there was more light on the W. than on the E. side. The S. radius measured 324 mni. The girth curve shows at once that the conditions had been less favourable for the spruce than the larch.
The first 5 years' growth mas slow, then came n more rapid and almost uniform growth up to 30 years of age, after which the gradient becomes smaller and smaller until 60 years of age, from which time until the tree mas levelled, a t the age of 68, there was n slight rise. The total girth of wood mas 1165 mm., i.e. 3 feet 1 0 % inches. C' . Scots pine (Piitzcs sglrcstris, L.) grew on tlie N.E. slope of Craig Choinnich, n very steep wooded hill which rises about a mile to the east of Braemar into n sharp peak, 1'764 feet above sea-level.
Below the place where this tree grew, the public road to Ballater, distant only n few yards, runs in an E.S.E. direction. Trees grow down to the road, while close to the latter, on the N. side, is the Dee, and beyond the river lie open meadows. The open aspect was thus on the N.E. side of tlie tree, and it is noteworthy that the N.E. radius was 319 mm. long, but this radius is not taken into account in calculating the girth, as uniformity was desired in all tlie calculations. 
,,
The S. side of the tree was obscured by the hill and the trees above.
The curve of girth sliows slow growth up to 5 years, rapid growth up to 20, and less rapid up to 85, after which the gradient becomes less steep.
The tree reached the age of 1 1 G years, and its girth iiieasured 1 5 8 s niiii., i.e. 5 feet 33 inches a t the cambium.
3. Korway spruce (Piccn excelsa, Link.) grew quite close to CJ but differed from all tlie preceding in being cut 1 2 feet above ground. Like C, its E. radius is greater tlian any of the other three. 1 5 8 5 ,,
Tlie girth curve sliows a good and fairly uiiiforni growth up to 60 years of age, but it must be remembered in this case that, to allow for the 1 2 feet above the ground, must add 15 or niore years to the age of the section to obtain the actual age of the tree.
In all probability it was planted a t the same time as its neighbour C, the Scots pine.
According to our measurement the age of the section was esactly 100 years, and its girth of woocl was 1314 mm., or 4 feet 4; inches.
E. Scots pine (Fbzts sglrcst~is, L.) grew on the same slope of Craig Choinnich as C and D, but some distance to the W. of tlie latter, near the edge of the wood, and almost opposite Braemar Castle. This change of position reinoved the tree from the close shadow of the hill, and opened up the S.W. mid W. aspects. Like D, the tree was cut a few feet above the.roots, but, iuifortunately, the exact height was not recorded. Tlie S. radius measured 313.5 ii1111. 
